The effect of handicap stroke location on golf matches  by Hall, Carroll & Swartz, Charles
Mathetktical Modelling, Vol. 2, pp. 153-159, 1981 
Printed in the USA. All rights reserved. 
0270-0255/81/03015347$02.00/0 
Copynght @ 1981 Pergamon Press Ltd. 
THE EFFECT OF HANDICAP STROKE LOCATION 
ON GOLF MATCHES 
CARROLL HALL AND CHARLES SWARTZ 
Department of Experimental Statistics 
New Mexico State University 
Las Cruces, New Mexico 88003, USA 
Communicated by Colin W. Clark 
(Received December 1980) 
Abstract-This paper studies the effect of handicap stroke location on the outcome 
of handicap match play in golf matches between two players. A discrete control model 
is constructed and an algorithm for its solution is presented which gives the maximum 
and minimum expected return in handicap match play. Data collected from 10 golfers 
is used to actually compute the maximum and minimum expected returns in golf 
matches. The results show that handicap stroke location is very important in the 
outcome of handicap golf matches and suggest that further studies should be made. 
In order that all golf players of varying skill levels be able to compete against one 
another equally, the United States Golf Association (USGA) has devised a handicapping 
system [4]. The fairness of this handicapping scheme has been analyzed from several 
different points of view by various authors [l, 2,3]. These studies have focused attention 
on the number of handicap strokes that each player should receive in order to achieve a 
fair system. In handicap match play the weaker player receives handicap strokes on 
certain designated holes in conjunction with some particular handicapping scheme, 
usually that suggested by the USGA [4, p. 441. There does not seem to have been any 
study however, which analyzes the effect of this stroke location on handicap matches. In 
this paper, such a preliminary study is made. This study is restricted to match play, with 
handicaps, between two players; in a subsequent paper the effect of handicap stroke 
location on best-ball medal play will be studied. 
In handicap match play, two players, X and Y, compare their hole-by-hole scores 
with the weaker player, say Y, receiving a predetermined number of handicap strokes at 
each hole. If player Y scores I at some particular hole, player X scores m, and player Y 
receives h handicap strokes at this hole, then player Y “wins” the hole if m + h - 1 > 0, 
player X “wins” the hole if m + h - I < 0, and the hole is “halved” if m + h - I = 0. The 
player winning the most holes wins the match [5, rule 61. 
In Sec. 1 a model is constructed which gives the average outcome for two players 
playing handicap match play as described above under the assumption that the proba- 
bility distribution function for each player’s score at each hole is known. In Sec. 2 the effect 
of handicap stroke location on match play is studied by determining an algorithm which 
gives the maximum and minimum possible expectations for each player. Section 3 uses 
the results of Sec. 2 to compute the maximum and minimum possible expectations for 10 
specific players using data collected from scorecards at the New Mexico State 
University golf course. Finally, in Sec. 4, some possible handicapping schemes for 
fairness are compared. 
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1. AVERAGE RETURN IN HANDICAP MATCH PLAY 
Consider two players, X and Y, playing match play with handicaps over an 18 hole 
match. Let Xi (Y,) be the random variable which is player X’s (Y’s) score at hole i. For 
each i F 1 . . . 18 and k = 1 . . . 10, let pik = Prob{Xi = k} (qik = Prob{Yi = k}) be the prob- 
ability distribution function of the random variable Xi (Yi). We assume that the handicap 
of player X is less than or equal to the handicap of player Y and let hi(=O, 1, or 2) be 
the handicap stroke(s) that X gives to Y at hole i. Define a function j on the real line by 
j(t) = 1 if t > 0, j(t) = 0 if f = 0, and j(r) = -1 if t < 0. If player X scores I, player Y 
scores m and X gives h strokes to Y on some particular hole, then j(l + h - m) 
represents Y’s return in match play at this hole. Under the assumption that the random 
variables Xi and Yi are independent, the average return Ri or expectation for player Y at 
hole i when Y receives hi handicap strokes from X is given by 
Ri(hl) = ,$, j(1 + hi - m)Pirqim. (1) 
Thus, if the l&vector H = (h, . . . his) represents the handicap strokes that player Y 
receives from X at each of the 18 holes, the expectation of player Y vs player X with 
respect to the handicap strokes H is given by 
R(H) = $, Ri(hi). (2) 
The independence assumption made above is not totally realistic, particularly in 
match play, since one player’s actions certainly influence the other player. However, 
for a preliminary evaluation, it is not unrealistic. 
2. MAXIMUM AND MINIMUM EXPECTATIONS 
If in a particular match player Y is to receive h handicap strokes from player X, then 
Y would like to receive these on holes so that he maximizes his expected return as given 
by (2). If 0 5 h 5 18, this can be viewed as the following simple discrete control problem: 
maxR(H) = $, Ri(hi), H = (hl . . . h,& (PI 
subject to 
hi = 0, 1 
[The case where h > 18 can easily be reduced to (P) by considering the random 
variable Yi - 1.1 Thus, player Y wants to choose an 18-vector H = (h, . . . his) which 
solves problem (P). The following theorem shows that the control problem (P) does 
indeed have a solution and gives a simple algorithm for finding the (not necessarily 
unique) solution. 
Consider the following family of discrete control problems which contains problem 
(P) as a special case. For each positive integer i, R, is a real-valued function defined on 
(0, 11: 
max $, Ri(hi) = R(H), H = (h, . . . h,) tPn,h) 
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subject to 
hi = 0, 1 
where 0 5 h 5 n and n is a positive integer. Thus, problem (I’), when Y receives h 
handicap strokes, is just problem (P,a,h). A simple algorithm is now presented which 
gives a (not necessarily unique) solution to problem (P”.h). 
THEOREM 1. For j = 1. . . n, set di = R,(l) - Ri(0) and let jr . . . jr, be the indices of the 
largest h of the di. Let v = {j, . . . jh} and r = (1 . . . n}\a. Define an n-vector Hn,h by letting 
the jth component of Hn,h be 1 if j E (+ and 0 if j E T. Then Hn,h solves (Pn,h), i.e., Hn.h 
satisfied the constraints of (Pn,h) and if H is any other n-vector satisfying the constraints 
of (Pn,h), R(Hn,h) 2 R(H). 
PROOF. Proceed by induction on n. For n = 1, the result is trivial. Suppose the theorem 
holds for 15 n I k - 1. For h = 0 or k, the result is trivial so we may assume that 
O< h <k. Let H = (h, . . . ht) be a k-vector satisfying the constraints of (Pk,J and 
suppose Hk,,# H. Then for some I E u the Ith component of Hk,h and H are different so 
hl = 0, and for some m E T the mth component of H k,h and H are different so h, = 1. 
Thus, 
R(&h) - R(H) = U&(l) - R(O)) + UMO) - Rm(l)} 
+ iE& {R(l) - R(h)) + 3 {R(O) - R(k))- iE7\ m) 
The first two terms on the right-hand side of (3) equal (d, - d,), which is greater than or 
equal to 0 by the choice of u and r. Since 0 I h - 15 k - 2, the last two terms on the 
right-hand side of (3) can be regarded as R(Hk_Z,h-r) - R(H’) for the problem (Pk-2,h-l), 
where H’ is the (k -2)-vector obtained by deleting the Ith and mth coordinates of the 
vector H. By the induction hypothesis this quantity is greater than or equal to 0, and thus 
the left-hand side of (3) is greater than or equal to 0. This completes the induction. 
The intuitive content of Theorem 1 is clear. Player Y simply wants to choose his h 
handicap strokes at holes where they will maximize the difference between his expec- 
tation with a handicap stroke and his expectation without a handicap stroke. 
If, conversely, the match is considered from the point of view of player X, then X 
would like to give the h handicap strokes to Y so as to minimize the expectation 
of Y as given by (2). That is, X wants to solve the control problem (P) with max 
replaced by min; for future reference we refer to this minimization problem as problem 
(P’). From Theorem 1 and its proof, it is clear that Y should choose to locate the h 
handicap strokes where they minimize the differences dj. 
Of course, in an actual match it is not very clear-cut as to how a player would identify 
such holes. This would probably require extensive records on the scoring histories of the 
two players. The content of Theorem 1 does, however, give an interesting contrast to the 
suggestions of handicap location made by the USGA [4, p. 44, 511. The USGA suggests 
that the higher handicap player should take his strokes on the longer, more difficult holes 
where he is more prone to lose to the skilled player, whereas Theorem 1 suggests that he 
should take his handicap strokes on holes where he is more prone to tie the skilled 
player, and thus use the handicap stroke for a win. 
156 CARROLLHALLANDCHARLESSWARTZ 
3. CALCULATION OF MAX AND MIN EXPECTATIONS 
At this point it is not clear that there is any difference between the maximum and 
minimum expectation for player Y as represented by the optimal solutions to problems 
(P) and (P’). In this section some data analysis based on 20 scores collected from each 
of 10 players is presented which demonstrates quite conclusively that the location of 
handicap strokes does indeed have a significant effect on the outcome of handicap 
matches. The scores are from players representing a wide range of handicaps (0 to 22), 
and the results indicate that there is a significant effect on handicap stroke location at all 
levels of handicaps. All scores are from the New Mexico State University golf course; a 
high desert golf course that plays to 6672 yards with a course rating of 71.6. 
Each player’s handicap is based on the usual 20 scores and these same 20 scores are 
used to approximate the probability distribution function at each hole for each of the 
players. That is, player X’s probability distribution function at hole i is approximated by 
pik = Prob{Xi = k} = ( number of times player X scored k at hole i)/20. Listing the 
players as A through J, their respective handicaps are given in Table 1. 
Table 2 gives the max and min expectations of player X vs player Y when X receives 
the appropriate handicap strokes. Player X is represented by columns and player Y by 
rows. The entry in the Yth row and Xth column is a pair of numbers (max, min), where 
max represents the maximum expectation for player Y(vs X) and min represents the 
minimum expectation for player Y (vs X). The algorithm of Theorem 1 also gives hole 
locations for handicap strokes that yield the max and min expectations but these have 
not been included in the table since, unfortunately, there seems to be no discernible 
pattern in the optimal stroke locations for the various matches. 
Table I 
Player ABCDE F G H 1 J 
Handicap 0 4 6 7 10 II 13 I5 18 22 
Table 2 
B c D E F G H r 
A 
B 
c 
D 
E 
F 
G 
H 
1 
0.54 0.80 1.21 0.72 0.64 0.92 0.93 1.58 
-0.27 0 0.02 -0.17 -0.44 -0.17 0.17 1.58 
0.82 1.04 0.86 0.59 0.96 0.92 1.70 
- 0.18 0.37 0.03 -0.14 0 0.06 0.95 
0.55 0.65 0.39 0.77 0.76 1.57 
- 0.25 -0.09 -0.28 -0.09 0.04 0.89 
0.39 0.18 0.59 0.82 1.47 
- - 
- 
-0.25 -0.55 -0.57 -0.53 0.44 
-0.08 0.45 0.85 1.63 
- - - -0.29 -0.18 -0.10 0.69 
0.79 0.98 I .83 
- 
- - 
0.16 0.21 0.96 
0.69 1.62 - - - - 
0.05 0.78 
1.25 - - - - - - 
0.56 
- - - - - 
J 
1.85 
1.12 
1.40 
I .40 
1.26 
0.71 
1.02 
0.30 
1.19 
0.30 
I .45 
0.65 
1.20 
0.16 
1.18 
0.13 
0.19 
-0.55 
X 
y Max 
Min 
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The entries in Table 2 demonstrate quite conclusively that the location of handicap 
strokes does indeed have a profound effect on the outcome of matches. In some 
instances there is more than a one hole difference in the expected outcome of matches 
between the same two players (for example, the match between D and G). It is also 
worth noting that since the players are listed in terms of increasing handicaps, the 
preponderance of positive entries in the table indicates that the lower handicap players 
have an advantage under the present scheme of handicapping; this phenomena has 
already been observed in [l] and [3] using other modelling approaches. In particular, the 
two high handicap players, I and J, have negative expectations against all players, 
except themselves, regardless of the location of their handicap strokes. 
4. EVALUATION OF HANDICAP SCHEMES 
As is evidenced in the results of Table 2, the location of handicap strokes has a 
profound effect on the outcome of handicap matches. Any scheme for locating handicap 
strokes should take this into account. An ideal scheme would be one where the expected 
return as given by (2) would be 0 for any players X and Y (this expected return also 
involves the computation of X’s handicap relative to Y and clearly also has a profound 
effect on the expected return). Such an ideal scheme, though highly desirable, is not 
practically possible to achieve. In this section several possible handicapping schemes are 
analyzed including the scheme suggested by the USGA. 
The USGA’s handicapping scheme is based essentially on yardage; the longer or more 
difficult par 5 holes being allocated handicap strokes first, followed by the par 4’s and 
then the par 3’s [4, p. 44 and 511. For brevity this system is referred to as long-to-short 
(L-S). 
For comparison purposes consider the handicapping system which is the opposite of 
L-S, i.e., allocate handicap strokes to the shortest holes first. This system is referred to 
as short-to-long (S-L). 
Another very reasonable system would not merely use yardage as a criteria as the two 
systems above but would rather consider the difficulty of the holes relative to par. That 
is, the first handicap stroke would be assigned to the hole which is most difficult to par 
and subsequent strokes would be assigned in a like manner. To effect this system at New 
Mexico State, the data collected in Sec. 3 was used and the average computed at each 
hole using the scores of all the players. These averages were then used to rank the holes 
by their difficulty with respect to par. For brevity, this handicapping system is referred 
to as difficult-to-easy (D-E). 
Again for comparison purposes the opposite of the D-E system was considered. That 
is, the first handicap stroke was assigned to the “easiest” hole to par. This system is 
referred to as easy-to-difficult (E-D). 
Using the four handicapping schemes above, the expected outcomes of all possible 
handicap matches between the 10 players of Sec. 3 using (2) were calculated. In all of the 
schemes the suggestion of the USGA was followed to allocate odd strokes to the front 
nine and even-numbered handicap strokes to the back nine [4, p. 441. The results are 
given in Table 3. 
In Table 3, player X is represented by columns and player Y by rows. The entry in 
the Yth row and Xth column is a 2 X 2 matrix; the entry in the 1st row and 1st column 
represents the expected return to player Y vs player X with respect to the L-S system, 
the entry in the 1st row and 2nd column represents Y’s expected return with respect to the 
S-L system, the entry in the 2nd row and 1st column represents Y’s expected return with 
respect to the D-E system and the remaining entry represents Y’s return with respect to 
the E-D system. 
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A quick glance at Table 3 shows that the various handicapping schemes lead to quite 
different outcomes in the handicap matches represented. Again it is worth noting that the 
preponderance of positive entries in the table show that the lower handicap player 
generally has an overall advantage in the matches; this is particularly true in matches 
involving the high handicap players and lends credence to the claims set forth in [2]. 
In order to evaluate the fairness of the handicapping schemes described above, the 
following statistics were used. The mean and variance of the outcomes with respect to 
the four handicapping schemes being considered were computed. These results are given 
in Table 4 below. A fair handicapping scheme would have a mean near 0 and small 
variance; these two criteria can be used to compare and evaluate the systems. 
The entries in Table 4 do not lead to any very obvious conclusion about the various 
handicapping schemes. More data, especially data from different golf courses, are 
needed to make a more detailed and conclusive study. In light of the results of Sec. 3, it 
would appear that the USGA should be interested in conducting such a study. 
Table 4 
Scheme L-S S-L D-E E-D 
Mean 0.6355 0.5384 0.5527 0.6028 
Variance 0.2358 0.2554 0.2225 0.2275 
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